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Introduction
Research and development (R&D) expenditure is a key indicator of innovative activities for countries. In 2015, total world R&D expenditures were 1.750 trillion dollars, which was a 8.15% (1.618 trillion dollars) on the year before. The 10 largest R&D spending countries of 2015 accounted for 1.480 trillion dollars in R&D expenditures, about 84.6% of the global total. World research and development expenditure (% of GDP) decreased 0.16 point from 1996 to 2007. After 2008 crisis, total world research and development expenditure (% of GDP) raised 0.22 point from 2008 to 2015.
In 2015, total OECD R&D spending increased in 2.32% from 1.12 trillion dollars to 1.14 trillion dollars. The ratio of gross domestic expenditure on R&D (GERD) to GDP realized 2.38% in 2014 and remained in 2015. In OECD countries, expenditure on R&D as a percentage of Gross Domestic Product (GDP) remained stable at 2.4% in 2015.
Gross domestic expenditure on R&D (GERD) stood at 299 billion euro in the EU-28 in 2015, which was a 4.4% increase on the year before. The ratio of GERD to GDP, is also known as R&D intensity, increased slightly to 2.03 % in 2013 and remained in 2014 and 2015. In 2015, among the EU member states, the highest R&D intensities were recorded in Sweden (3.26 %), Austria (3.07 %) and Denmark (3.03 %). One of the five key targets of the Europe 2020 strategy is 3% of gross domestic product (GDP) to R&D activities.
This study aims to investigate effect of technology on economic growth and 2008 crises on this relation in thirthty-OECD countries using random coefficient model (RCM) with AK model. We applied cross-sectional dependence test, panel unit-root test and co-integration test. As a result of static panel regression model with EU-dummy variables, in OECD countries (excluded EU countries) for both pre and post-2008 period, there is no significant effect of business enterprise expenditure on R&D (BERD) on economic growth. In OECD countries which is only EU members, for pre-2008, there is no significant effect of BERD on economic growth. But, for post-2008 period there is significant effect of BERD on economic growth.
Literature Reviews
Endogenous growth model investigated the relation between innovation behaviour and economik growth. (AK types of model of Romer, 1990; Rebelo (1991) , Grossman and Helpman, 1991; Aghion and Howitt, 1992) Romer (1990) has revealed the importance of technological capital on economic growth. Raising research and development expenditures will result a permanently higher growth rates. Lichtenberg (1993) investigated the relationship between R&D expenditures and economic growth in both the private and public sectors of 74 countries period for 1964-1989. They found that there is no relationship between R&D expenditures and economic growth in the public sector. Otherwise, R&D expenditures positively affected on economic growth in the private sector. Birdsall and Rhee (1993) used cross-country growth regression and found that there was a positive correlation between R&D expenditure and economic growth for only OECD countries. Gittleman and Wolff (1995) proved the relationship between R&D activities (R&D expenditures, the number of scientists per R&D, and the number of engineers per R&D) and economic growth (real GDP per capita) using panel data period of . Their study showed that R&D activities has significant for economic growth in developed countries. Ayres (1996) showed that technological progress can negatively impact economic growth, and especially in the field of information technology. The falling price of manufacturing goods will lower the economic growth rate. Nadiri and Kim (1996) examined the effect of R&D spillover on TFP growth in seven largest economies . They found that the effect of R&D spillover differ across countries. Braconier (2000) investigated the relation between per capita income and R&D expenditures in ten OECD member countries fort he period [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] . The study showed that per capita income level has positive effect on R&D expenditures. Bialbao-Osorio and Rodriguez-Pose (2004) showed that the coefficient for the initial number of patents reports a negative effect in terms of growth rates. This finding suggests the existence of a catch up process, in line with the neoclassical growth theory, since those regions with lower levels of initial patents grow faster. Samimi and Alerasoul (2009) argued that the impact of R&D expenditures on economic growth using panel data analysis in thirty developing countries including Turkey. They found that R&D expenditures did not contribute to growth in developing countries. Mehran and Reza (2011) proved the effect of R&D expenditures on economic growth in underdeveloped countries and OECD countries using the fixed effects panel data model. They found that R&D expenditures has positive impact on economic growth in both country groups. Gyekye et al. (2012) examined the impact of R&D investments on socio-economic development in Sub-Saharan African countries with the Cobb-Douglas production function. As a results of fixed-effects panel regression estimation R&D investments has positive effect on economic growth. Güloğlu and Tekin (2012) investigated the relationship among R&D expenditures, innovation, and economic growth for OECD countries with higher income levels using a panel causality analysis. They showed that there is a significant and positive relationship between R&D and innovation, R&D and economic growth, and economic growth and innovation. Petrariu et al. (2013) investigated link between innovation and economic growth in the Central and Eastern European countries (CEE) for the period of 1996-2010 by using pooled data regression. They show that R&D spending level and the number of patents are significant but have a negative coefficient. This suggests the existence of a catch-up process, which is typical for the neoclassical growth theory. Wang (2013) found that the role of innovation in US, UK and Germany has decreased to a large extent in the second period (the post-World War II period), when a non-positive relationship between innovations and economic growth was found. Whereas, positive and statistically significant coefficient estimates were obtained in the first period (pre-World War II period). For these three countries in the second (postWorld War II) period: the evidence shows a dramatic decrease in the effectiveness of the innovation's role in enhancing economic growth a negative relationship between innovations and economic growth was consistently obtained for the UK and Germany. Huňady and Orviska (2014) based their research on panel data regression for 26 selected EU countries in the period of 1999-2011. Results of their research suggested a positive impact of R&D expenditures on the economic growth when considering a two-year lag, at the same time the effect was negative for the current year. Ozcan and Arı (2014) analysed the relationship between R&D expenditures and economic growth in 15 selected OECD countries for the period of 1990-2011. As a results of the study R&D expenditures positively effect on economic growth in 7 OECD countries. However, R&D expenditures negatively effect on economic growth in Germany, Netherland, Spain, and England. Kokko et al. (2015) showed that the effect of R&D expenditures on economic growth are negative and significant for both EU high R&D and EU low R&D countries. It is not determined by whether their R&D expenditures are above or below the EU average. Tuna et al. (2015) examined the relation between R&D expenditures and economic growth in Turkey for the period of 1990 to 2013. It is found that there is no causality relationship between R&D expenditures and economic growth.
Data and Methodology

Data
This study covered 30-OECD countries for the period of 2000-2015. 30 OECD countries includes Avustria, Belgium, Canada, Czechia, France Denmark, Estonia, Finland, Hungary, Germany, Greece, Iceland, Irland, Italy, Japan, Korea, Luxemburg, Mexico, Netherland, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Turkey, United Kingdom, and United States.
Gross domestic expenditure on R&D (GERD), business enterprise expenditure (BERD) and researchers variables was reduced only one variable by using factor analysis method. All variables located factor 1. Business enterprise expenditure (BERD) which has the biggest factor loading with 0.999 was selected as a technology proxy. Business enterprise expenditure (BERD) is here expressed in constant 2005 dollars (adjusted for purchasing power parity) and as a share of GDP. In the study, it was used BERD to GDP as proxy for technology, gross capital formation (%, GDP) as a proxy for capital formation, gross domestic product growth (annual, %) as a proxy for economic growth. Data collected from World Bank. In this study, it has been prefered panel data model, baceuse of it provides high freedom degree and reduce multicolinearity.
Studies used R&D expenditure as a proxy for technology are as follows:
Hoskisson Hitt (1988) have used R&D expenditure as a proxy for technological capabilities. Deprez and Harvey (1999) used patents or R&D expenditures as a proxy for technology. Archibugi and Pianta (1996) , Smith (2005) , Hanel and Zorgati (2001) use the R&D expenditure as a proxy for technology. Elmslie and Vieira (1999) use patents and R&D expenditure for proxy for technology to investigate the effect of technology on trade flow.
In the data analysis we introduced an additional dummy variables pre-2008, post-2008, EU and HIGHRDEU which has high R&D spending to GDP EU countries, OECD membered.
OECD average R&D spending to GDP ratio, named R&D intensity, is 2.33% in 2016. Avustria, Belgium, Denmark Finland, France, Germany, Luxemburg, Slovenia, Sweden and United Kingdom has R&D intensity above OECD average. Random coefficient model was estimated for these countries which has high R&D intensity.
Methodology
We follow AK type production function is a special case of the Cobb-Douglas function. 
Static panel regression model was constructed as follows
where t=1,…16 time period; i=1,…,30 OECD countries, GDP, GDP Growth (%); GCF, Gross Fixed Capital Formation as a proxy for capital; BERDTOGDP, Business Enterprise Expenditure (BERD) to GDP (%) as a proxy for technology.
Swamy's random-coefficients was formed as follows
Results
The main problem of panel approach is cross-sectional dependence (CSD Pesaran (2004) Frees (1995, 2004) statistic is based on the sum of squared rank correlation coefficients and is given by Firstly, cross-sectional dependence tests was applied. We use of Pesaran (2003 Pesaran ( , 2005 ) CADF, the second-generation panel unit-root test, that take into account the dependence between countries. Table 2 shows the results of CADF test. As a result of test, the null hypothesis of unit root is rejected. 1 The result of test indicate that all variables are integrated of order 1. As a result of Equation (1), in OECD countries, which has high R&D expenditure to GDP ratio and EU countries, BERD to GDP ratio has a negative and significant effect on economic growth after 2008 crisis. In OECD countries, which has low R&D expenditure to GDP ratio and EU countries, BERD to GDP ratio has a positive and insignificant effect on economic growth after 2008 crisis. We estimated random coefficient regression model (RCM) for OECD countries which has high R&D intensity membered EU countries for the post-2008. As a result of Equation (2), it was observed decreasing technology effect on economic growth after 2008 crisis. The evidence shows a dramatic decrease in the effectiveness of the technology's role in enhancing economic growth. A negative relationship between technology and economic growth was obtained for the Denmark, France, and Germany. The findings also show evidence of decline in the role of technology in the period after the 2008 crisis break date. Findings, technology has a negative coefficient on economic growth, is supported by Ayres (1996) , Bialbao-Osorio and Rodriguez-Pose (2004), Petrariu et al. (2013) , Kokko et al. (2015) and Wang (2013) studies. Griliches (1988) proved that the fluctuation of macroeconomic conditions are probably responsible for the decline of innovation's role. Lichtenberg and Frank (1993) found that government R&D expenditure showed a negative impact on economic growth. Eckbo (2007) presented that a country's high R&D intensity is not guarantee for future growth.
Conclusion
We analyzed that the impact of technology on economic growth in thirthty-OECD countries using static panel data model and random coefficient model (RCM) with AK model for the period 2000-2015. Cross-sectional dependence test, panel unit-root test and cointegration test was used. As a result of estimation with all of OECD countries, high R&D EU OECD countries, low R&D EU OECD countries, EU-OECD countries, and OECD (excluded EU countries) for both pre and post-2008 period, there is significant effect of business enterprise expenditure on R&D (BERD) on economic growth for high R&D EU OECD. In high R&D EU OECD countries there is negative and significant effect of BERD on economic growth for post-2008.
As a result of RCM, in Denmark, France, and Germany, it was observed decreasing technology effect on economic growth after 2008 crisis. Findings, supported by Ayres
